(With 3 Graphs in the Text.) WHEN a disease assumes epidemic proportions, it is now generally recognised that certain conditions govern the rise and fall of the epidemic wave. Farr was probably the first person to attempt to describe these conditions in quantitative terms. His theory was "the real law (i.e. of the epidemic) implies that the ratio of increase goes on rapidly decreasing until the ratio itself is decreasing." In the Appendix to the second Annual Report of the Registrar-General he discusses the progress of the smallpox epidemic which had spread through England and Wales in 1837-9, causing the deaths of over 30,000 persons. " Five die weekly of smallpox in the metropolis when the disease is not epidemic.... Why do the five deaths become 10, 15, 20, 31, 58, 88 weekly and then progressively fall through the same measured steps?" He suggests, "amidst the apparent irregularities of the epidemic of smallpox and its eruptions all over the kingdom, it was governed in its progress by certain general laws." He found that the deaths from smallpox in the quarters of the year during the epidemic increased up to the third quarter very nearly at the ratio of 30 per cent. " The rate of increase is retarded at the end of the third period, and only rises 6 per cent. in the next, where it remains stationary, like a projectile at the summit of the curve which it is destined to describe. The decline of the epidemic was less rapid than its rise." He showed that the fall of mortality took place at a uniformly accelerated rate and calculated a "regular series of numbers" (such that the second differences of the logarithms are constant) for the decline of the epidemic. He compared these with those actually recorded and found " on the whole the agreement is remarkable." Farr did not put his law in the form of an equation nor did' he explain the method by which his regular series were obtained, but it has since been shown that his epidemic law is a function of the normal curve. From the fact that the first, third and fifth of the calculated values agree exactly with the observed, for the two regions-Metropolis, Wales and the western counties-it seems probable that some method of differences was employed to find his "constant rate of acceleration." The calculated series found by Farr can be obtained by taking logarithms of the first, third and fifth of the observed values and finding the second difference. This value divided by
four gives the constant second difference for the series, and taken with positive sign is the logarithm of the rate of acceleration. The logarithm of the second calculated value is obtained by adding to the logarithms of the first and third observed values the constant second difference and dividing by two. The ratio of the first to the second calculated value gives the first rate of decrease and the subsequent rates of decrease are found by multiplying the preceding rate by the "rate of acceleration." This method does not apply to the series for the whole kingdom; in this series only the third value of the observed and calculated are identical and no simple method of obtaining Farr' Some years later Farr applied his "law" to a prevalent epidemic of cattle plague, which according to a member of the House of Commons would increase from thousands to tens of thousands until all the cattle would probably die of it. He modified his previous mathematical expression by making the third differences of the logarithms constant and predicted the maximum and course of the epidemic. This forecast met with hostile criticism, but later events justified the accuracy of his main contentions. In 1873 Evans tried to extend Farr's method to epidemics of cholera and scarlet fever but without success. Since Farr's time various studies have been made on the theory of the course of the epidemic curve. Brownlee put forward the hypothesis that the degree of infectivity of the organism decreased, as the epidemic progressed, according to the law of the monomolecular reaction in physical chemistry, i.e. in geometrical progression. He maintained that there was no evidence that an epidemic declined because of the lack of susceptibles but he thought the decline was much more likely to be due to the loss of infectivity on the part of the infecting agent.
Since 1919 Greenwood, Topley and their co-workers have been endeavouring to study, under laboratory conditions, the genesis and development of epidemics. These experiments are being carried out under conditions inwhich many disturbing factors, such as varying environment, nutrition, density, etc., can be standardised.
The epidemic curve of any disease may be modified by certain factors, chief among these being (a) changes in virulence of the organism and (b) changes in the resistance of the population. The epidemic curve of smallpox may have been influenced by the first factor; as for the second, smallpox is the only disease for which there was any metho-d of preventive treatment by artificial immunisation a hundred years ago. There is no question that the type of smallpox has changed from the classical type of the eighteenth and early nineteenth centuries, both in fatality and age incidence, to the mild form which we experience, in this country, to-day.
Jenner's discovery of vaccination was made public in 1798, and early in the nineteenth century an appreciable proportion of the population had been vaccinated against smallpox. It was not until 1853 that the first vaccination law was passed, and vaccination was made compulsory in 1871. It has been contended that the general decrease in smallpox throughout the nineteenth century was a consequence of the introduction and dissemination of the method of vaccination. For example, Guy, writing in 1882, on the statistics of smallpox for 250 years in London, showed that smallpox was the most formidable epidemic disease in the seventeenth and eighteenth centuries, and yet in the nineteenth century had decreased much more than any of the other important infectious diseases such as measles, scarlet fever, etc. From this he argued, on the assumption that an equal improvement had been wrought by sanitary measures in all epidemic maladies, smallpox included, that the remarkable excess of improvement in smallpox must be attributed to some cause or causes other than sanitary reforms, and that there was only one cause to which it was reasonable to attribute this excess, namely, vaccination. A more recent study by Greenwood is less confident. He concludes from a study of the vaccination problem that vaccination has "saved lives and diminished suffering under conditions which have prevailed in England and may prevail again," but the use of vaccination is " not the sole, perhaps not the most important, factor in modifying the epidemiological history of smallpox during the last hundred years."
We have numerous and fairly accurate records of the time sequences in epidemics of smallpox both before and since the introduction of vaccination and before the present phase of inordinately mild smallpox. It has seemed worth while to inquire whether the form of the epidemic in pre-vaccination days, that is, its evolution in time, contrasts with its form in days when a proportion at least of the exposed to risk had been protected. Even if we assumed that no recently vaccinated persons can take smallpox at all, the susceptible population in post-Jennerian days must differ in some respects from those of the early eighteenth century. Some of them will be persons vaccinated many years before the epidemic and they will be intermingled with persons completely protected. Even if these considerations were ignored it would still be of. interest to learn whether the form of an epidemic had changed over the long period of observation.
For descriptive purposes, the family of frequency curves developed by Prof. Karl Pearson has in point of flexibility and ease of computation few rivals and naturally attracted the attention of those who wished to graduate curves of epidemics. Pearsonian curves have been fitted by Brownlee, Greenwood and others to data of epidemics; Brownlee in particular used the method exten-sively. From the standpoint of graduation the results were often satisfactory, but it did not prove possible to classify epidemics on the basis of the types of curves found appropriate.
As is well known, the Pearsonian curves were derived from the integration of the equation 1 dy a-x y dx CO+cLx+c2x2' where y is the frequency, x the abscissal value, and a, co, cl and c2are constants.
The frequency distribution is taken to be unimodal. Integration leads to twelve types of curves. In order to use the method on the data of smallpox epidemics, the following preliminary adjustments were made:
(1) The small subsidiary rises at the tails of the epidemics of 1716-17, 1770-2 and 1881-2 were omitted from curve fitting, to conform with the fact that the theoretical curve is unimodal.
(2) The abscissa has, in some cases, been arbitrarily shifted to make the observed data tail off at the ends. This was necessary since smallpox had a varying but fairly high endemic level, when the deaths of the eighteenth and early nineteenth centuries were summed in four-week periods. In other words the epidemic has been taken as a phenomenon superimposed on the endemic level.
LONDON BILLS OF MORTALITY, 1700-1800.
When the deaths from smallpox are summed in four-week periods they give an irregular curve. The time between successive maxima varies from one to three years, but there is on the average a two-year period throughout this century. There is no definite seasonal trend such as is shown by most epidemic diseases, half the number of minima occur in spring and early summer and the maxima tend to be scattered over the rest of the year. When only the larger epidemics (where the maxima were 300 or more deaths in a month) are considered, the peaks are, on the average, distributed fairly evenly over threequarters of the year. The distribution is as follows: LONDON, 1840-1931, REGISTRAR-GENERAL'S REPORT. When the deaths from smallpox are summed in four-week groups, for this period, the suggestion of periodicity shown by the data in the Bills of Mortality for the eighteenth century is absent. The interval between successive maxima varies from 14 to 6i years during the period 1840-85. Between 1800 and 1870 the maximum and minimum values are below those of the eighteenth century and the peaks generally are not so definite. London, in common with most European cities, experienced a severe epidemic in 1870-1. This, the worst of the nineteenth century, rose to a maximum of 1048 deaths in the 17th-20th weeks of 1871. A period of low mortality followed this outbreak, only 246 deaths being recorded in the three years 1873-5. Epidemics of smallpox occurred in 1877, 1878, 1881, 1885, the maxima being 381 in the lst-4th weeks of the year, 241 in the 13th-16th weeks, 330 in the 17th-20th weeks and 239 in the 17th-20th weeks respectively. By the end of 1885 smallpox had practically disappeared as a cause of death, and during Table I . While these curves give a good description of the epidemics, they do not "fit" in a statistical sense. Type II, a symmetrical curve, graduates the epidemics for the years 1751-3, 1870-1, 1876-7, 1877-8 and 1880-1. Type I, an asymmetrical curve, describes the outbreaks for 1716-17, 1780-2 and 1862-3; the epidemic of 1780-2 declined faster than it rose, whilst EQ.
the reverse is the case for 1716-17 and 1862-3. The outbreak in 1901-2 conforms to a Type IV and is the only distribution that approaches a statistical fit. Most of the epidemics which have been smoothed are irregular, but some of the epidemics experienced in London give such a ragged distribution that no unimodal curve will smooth them, neither does a parabolic curve of the 4th order describe the distribution (see Table III ). In this class fall the outbreaks of 1722-4, 1795-7 and 1884-5; the last exhibits three distinct peaks. A possible explanation of this seemed to be that the disease had made its appearance in hitherto unaffected districts, so that the total was really a summation of several epidemics with different time intervals. To examine this, the deaths were taken out in the five broad groups-West, North, Central, East and South, as defined by the Registrar-General, for the nineteenth-century epidemics.
The surmise proved to be incorrect since there is no apparent difference in the commencement of the outbreak in the various divisions, but the interesting discovery was made that the course of the epidemic varied from district to district. Tables II, III and IV. This analysis makes it clear that no precise formal distinction differentiates the London epidemics of the eighteenth century from those of the late nineteenth and early twentieth centuries. There is perhaps a tendency for the modern epidemics to be more concentrated in time. This can be most easily seen by an examination of the proportional distribution as given in Table IV . If we now take the three four-weekly periods of which that containing the maximum is central, then in the three eighteenth-century epidemics these three periods include 34*4, 29-3 and 30*6 per cent. of the total epidemic deaths; the six nineteenth-and twentieth-century epidemics have respectively 34 7, 39.5, 34.9, 41.4, 40*4 and 48*1 per cent. of their totals within the defined limits.
There is a suggestion that as we approach more nearly the modern epoch this concentration increases. Graphs I and II illustrate the comparison. This phenomenon could be explained in many ways, but, for the reasons already pointed out, e.g. the non-uniformity of distribution throughout the area of London, we have no adequate means of verifying any speculations. All that can fairly be said is that, in respect of evolution in time, no sharp distinction between epidemic smallpox in pre-and post-vaccination times can be established.
TOWNS OTHER THAN LONDON.
It is of some interest to compare the forms of the London epidemics with those of other cities. Glasgow is the only British city for which suitable data were available and a Type II curve graduated the 1863-4 experience.
The 1870 epidemic was common to most European countries and makes comparison possible between different cities. The distributions are given by Prinzing in his Epidemics resulting from Wars. A normal curve describes the Hamburg epidemic of 1870-2; Leipzig 1871 yields a Type IV, the fall being more rapid than the rise; Breslau (cases) 1871-2 gives a Type I with steeper decline than rise. The distributions for Danzig and suburbs and Berlin are two-peaked, and a fourth order parabola fails to describe them. The curve for Paris 1869-71 can be regarded as two curves, the first a Type I, with a slower rise than fall, and the second a Type II. The epidemic was apparently declining when it received Jourm. of Hyg. xxxiv There is a suggestion of periodicity in the severity of the epidemics in the Indian data, the maxima following a wave-like trend. The more severe epidemics (and to a less extent the minor epidemics) tend to occur in pairs, in following years. The actual maximum and minimum values for this period are given in Table VIII . Curves have been fitted to the deaths, summed in four-week periods, for the epidemics in Calcutta, during the years 1905-6 and 1908-9, and for Bombay for 1899-1900 and 1904-5 . In each case a Type IV curve gives a good description. In these Indian cities, the concentration around the period of maximum is far greater than in the London experience. Thus in Bombay, 1899-1900, 75-8 per cent. of the deaths fall to the three four-weekly periods in which the maximum is central (see Graph III). In 1904-5, the percentage was 70 5. In the two Calcutta epidemics the proportions were 60x8 and 78x9 per cent. The constants, equations, observed and smoothed values are given in Tables IX and X. CONCLUSIONS. It is not possible, on the basis taken, to differentiate between the course of the epidemic before and after the introduction of vaccination. The shape of the distribution of monthly totals of the outbreaks of 1870 for various European cities are dissimilar. The majority of the fitted curves are symmetrical or almost so; the most skew distributions, of London, examined are those of 1716-17 and 1780-2. It does not seem practicable, from these data, to make the London epidemics a function of time only. The shorter period for which the epidemic rages in India, the greater severity, the striking seasonal variation -the spring maxima and autumn minima-probably account for the four Indian curves being of the same type and giving a better description of the observed distribution than most of the other curves. 
